Abstract: Echocardiography is a non-invasive tool, aimed towards the anatomical and functional characterization of the heart. In Intensive Care it is considered nowadays as a necessary tool for patient evaluation. However, the information obtained using echocardiography is not the same as provided by other means, namely the invasive ones. In recent years there has been a significant evolution in the general concepts of haemodynamic support for the critically ill patient. In this new environment, echocardiography has gained particular relevance. In this text the new positioning of echocardiography in the light of the new concepts for hemodynamic support is described, as well as, the need for a specific formative program directed towards Intensive Care physicians. A new generation of biomarkers can also add relevant information and start a new era in haemodynamic support. They may help to further characterize the disease process, identifying patients at risk, as well as, characterize specific organ failure as well as monitoring therapy.
INTRODUCTION
The most serious challenge that faces clinical medicine is changing the natural course of disease avoiding, if possible, it's most undesirable effect: death. In Intensive Care, a relatively new medical discipline, patients are in critical clinical conditions, with their biological systems on the physiological limits, in a life-threatening condition. Advanced life support is necessary to overcome situations, which, desirably, are reversible.
Haemodynamic evaluation is a fundamental part of clinical practice. Major advances were made in the 1970's with the introduction in the clinical practice of the invasive monitoring with pulmonary artery catheter (PAC). The concept was invented by Forssman in 1929 [1] , and was later developed in England [2] . The floating catheter appears in 1953 [3] , and soon afterwards was described a catheter similar to the one currently used [4] . Swan, Ganz and co-workers [5] , showed that it was possible to perform this procedure at the bedside, obtaining several haemodynamic variables. This fact was important because at that time this device was considered dangerous, and confined to very specific areas inside hospitals, mainly for the diagnosis of congenital cardiopathies. In 1976, It was approved as a technical device not essential for life without the need for validation studies.
Much of the pathophysiology of critical illness that we know today was established with the help of this device. The information provided is based on different assumptions: intracardiac pressures that, in practice, represent the intravascular volume status; cardiac output obtained using the thermodilution technique; a series of related parameters, such as vascular resistances; oxygen transport variables considered important to provide organs and peripheral tissues of nutrients which stand as a measure of adequacy of nutrient supply to organs ( Table 1) . Obtaining supraphysiological values of the variables has become the rule, turning the device PAC a treatment guide more than a diagnostic tool. The presuppositions for these attitudes were based on the initial observation that in critically ill patients a hyperdynamic pattern was typical of the survivors of acute illness [6] [7] [8] [9] [10] . Through a set of medical actions, the Intensivist tried to modify the haemodynamic profile of patients in an attempt to increase their survival. Moreover, it was thought that the acute nutrient requirements were substantially greater, facing the increased need of a stressed subject. A standard practice was established in order to obtain values above normal of intracardiac pressures and oxygen transport variables. For this purpose, therapeutic endpoints were generally similar: first fluids were administered (crystalloids or colloids) until the pulmonary artery wedge pressure reached 15 mmHg or 18 mmHg; if this intervention was not enoughto increase the oxygen supply in more than 600 ml/min/m 2 , dobutamine was started to obtain a cardiac output greater than 4 or 4.5 litres per minute. As a last intervention, packed red blood cells were transfused in order to reach the desired value of oxygen transport. The volume of administered fluids reached high levels, sometimes 10 litres / day, and understandably, the number of interventions and medical prescriptions per patient were high [11] .
We can say that monitoring using the pulmonary artery catheter became one of the technological hallmarks of Intensive Care. It can be comparable to endoscopes for gastroenterology, and so on. This symbolic-cultural aspect should not be bleached; presently, it has a major impact on the positioning and visibility of different medical specialties. This discussion is, however, beyond the scope of this text. Monitoring of patients has become "heavy", the amount of medical interventions were high, as there was a natural trend to normalize each of the physiological variables continuously monitored. Critical care medicine overplayed monitored parameters. Patients' evaluation at bedside was clearly underestimated. There was an attempt to deal with objective tools, excluding the subjectivity of the observer.
CRITIQUES TO THE MODEL
In cardiology, it quickly became apparent that treating patients in post acute myocardial infarction using the pulmonary artery catheter led to increased mortality [12] [13] [14] [15] [16] [17] .
In September 1996, 20 years after the introduction of the pulmonary artery catheter in clinical practice, Connors et al [18] published a randomized controlled study that urged the scientific community to reconsider the issue of invasive monitoring with PAC.
The finding or suggestion that routine use of PAC could induce higher mortality was a "concussion in the midst of Intensive Care". These data were reviewed, and methodological robustness of the study by Connors et al, successively revised by experts, was never questioned. In contrast, data were successively confirmed in subsequent years by further studies conducted according to higher methodological standards [19] [20] [21] [22] [23] .
The use of oxygen transport variables was also questioned, in multicenter, randomized studies, which may be regarded as a reference. Hayes et al [24] , studied 100 patients in two Intensive Care units, 50 in a control group and 50 in a therapy group aimed to achieve supraphysiological values of cardiac output, oxygen transport and consumption. They found a significant increase in mortality within the therapeutic group (34% vs. 54% p = 0.04). But the most emblematic study was performed by Gattinonni et al [25] , who studied 252 patients in a control group (goal: obtain a cardiac output between 2.5 and 3.5 litres / min), 253 patients in an intervention group (to achieve a cardiac index> 4.5 litres/m2) and 257 patients in another intervention group (to achieve a mixed venous saturation> 70%), enrolled in 56 Intensive Care units. There were no statistically significant differences in mortality between groups; although patients in the second group had higher mortality (48%, 52% and 48% respectively); other studies have confirmed these findings [26] [27] [28] .
Using appropriate methodologies, Sandham et al [29] , performed a study much like the initial studies of Shoemaker on optimizing preoperative haemodynamic parameters in patients undergoing major surgery, and sustained in large measure the initial concepts, briefly addressed. They studied 997 patients in each arm and with sound methodology. Their findings are opposite to those of Shoemaker, highlighting that methodological issues are not negligible, especially if the aim of a clinical trial is to change clinical practice. Transfusion support also suffered major criticism [30] . Nowadays, the most appropriate levels of haemoglobin in critical patients (without coronary heart disease) are between 7 and 9 g / dL. These data hardly justify an aggressive transfusion policy and are in clear contradiction with previous practices.
The practices of fluid administration changed considerably. The notion that the administration of fluids may be beneficial in critical situations such as, septic shock cannot be considered universally accepted [31] [32] [33] [34] . As dynamic concepts of fluid responsiveness were accepted, the fluid restriction is recommended and the deleterious effects of fluid overload are recognized [35] [36] [37] [38] [39] [40] .
Presently it is consensually agreed that the use of a pulmonary artery catheter in critically ill patients is irrelevant to the prime indicators of outcome, morbidity and mortality. Another message arose: in order to change an established practice, the scientific evidence must meet high-quality requirements.
THE NEW PARADIGMS
In the scientific community the need for new paradigms of haemodynamic support was felt. Precisely 10 years after the publication of Connors et al, in September 2006, the consensus conference on haemodynamic monitoring of the European Society of Care Medicine held in Paris [41] . The resulting document, published in 2007, reflects the maturation process of new ideas and concepts, which eventually changed and shaped the modern perspectives on the haemodynamic approach of critically ill patients.
The main conceptual changes can be briefly stated. Recalling the assumptions stated for the pulmonary artery catheter, the critiques can be made either to the parameters based on pressure, recognizing their relative value as indica-tors of intravascular volume, and critiques to parameters based on oxygen transport variables.
The intravascular volume should be tailored to each patient and to each stage of the disease. The intracardiac pressures are helpless in this regard. The concept of dynamic parameters of response to the fluid, which echocardiography contributed to, indicates that fluids administered should remain in the intravascular space (this is what really matters, because the swelling of organs is deleterious and contributes to organ dysfunction). That is, the fact that a patient has a central venous pressure of 2 mmHg or 10 mmHg, or equivalent wedge pressure, is not indicative that the administration of fluids is beneficial or not. The current concepts establish that in an individual patient, an effective volume that meets the needs at a specific disease stand point is desirable. The adverse effects of either deficit or volume excess should be avoided.
Cardiac output remained a parameter of some value in Intensive Care. It is essential for determining the haemodynamic profile in hypotension and subsequent treatment, and can also assist in the administration of fluids: a quantity of fluid remains in the intravascular space, if it would result in an increase in cardiac output. Another question pertains to the real need for a continuous monitoring of cardiac output in the critically ill, and if it is superior to intermittent measurements.
A return to clinical observation parameters seems also obvious. The adequacy of organ perfusion is based on serum lactate levels, urine output and level of consciousness. Hence, patient evaluation was driven from the monitor to the patient himself.
It is assumed that initially there was a willingness to address the patient based on mechanistic concepts of wholebody function, which has progressively evolved towards more individualized, relativistic concepts.
We consider these concepts as the second stage of the recent evolution of modern haemodynamic concepts. Nonetheless, affirm that echocardiography is a technique specially adapted to this new thinking, not dependent on intracardiac pressures, more clinically comprehensive because it does not restrict the patient to a set of critical variables on a monitor.
Echocardiography has always been coveted for Intensive Care [42, 43] . Its journey and the role that it has been given within the specialty meet the thought of each era. Three patterns of use can be distinguished, in accordance to the concepts at their time of appearance. In the beginning there was a particular concern to reproduce the intracardiac pressures with the use of echocardiography, using echocardiography as a non-invasive PAC. The evolution of the relative positioning of echocardiography within Intensive Care is demonstrated in Table 2 . However, several problems were identified at this time [44] . Tables 3 and 4 summarize a number of equations and means to determine pulmonary capillary wedge pressure [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] . The amount and complexity of these demonstrate that this path can hardly be accepted as a routine in critically ill patients. Most of them were obtained outside the Intensive Care Unit (ICU), in non-critical conditions, in studies conducted in echocardiography laboratories. These conditions and patients are hard to reproduce in the ICU, where most patients are non-cooperative and under mechanical ventilation. In a recent publication, in 704 ICU patients, the possibility of detecting E/A mitral wave for analysis was 85.9% of patents in sinus rhythm [64] . Moreover in that cohort 23% of patients were in atrial fibrillation and 19% presented a heart rate over 120 beats per minute. Thus, the condition to perform an adequate analysis of Doppler-derived parameters is limited at the bedside.
To echocardiography was further reserved the role of examination, by request of the Intensive Care physician in case of suspected heart condition. These examinations on demand could not have a real impact on daily practice. This is not a real-time performance and did not answer the usual problems of critical situations. Finally came up studies directed to critically ill patients, performed by Intensive Care specialists, studying patients at the bedside, with the primary intention of responding to specific issues: the pathophysiology of septic shock, the study of diastolic dysfunction in sepsis, and so on [65, 67] .
Since the beginning it was known that the strategy based on the approach to the patient by echocardiography wouldn't depend on intracardiac pressures. It implies a different approach to the patient. In the era of invasive monitoring, certainly a degree of disbelief was noticed. But the recent changes in haemodynamic concepts, briefly discussed above, turned the acceptance of echocardiography easier and the margin of progression of echocardiography in Intensive Care medicine higher.
In regard to the problems chronically pointed out in echocardiography, the necessary learning curve is perhaps the most frequently reported. It will be necessary to provide training that permits access to the technique. Currently, stepwise training is accepted and even accredited in several countries, from the simple fast examinations to more complex examinations performed by skilled Intensive Care physicians [68] .
Furthermore, echocardiography could not add any prognostic value to the usual scoring systems used in medicine. Rough haemodynamic variables demonstrated its value in cardiogenic shock [69] and Sturgess et al [70] observed that tissue-Doppler derived parameters were independently associated with mortality, along with fluid balance and APACHE III scoring system. This study, however, enrolled only 21 patients with sepsis in an ICU. Other studies were also inconclusive, so there is no evidence-based information to support the prognostic relevance of echocardiography.
BIOMARKERS AND CRITICAL ILLNESS: HOW HELPFUL ARE THEY?
Some questions cannot be addressed using the usual tools for haemodynamic support. End organ failure and multiorgan failure are common features in the ICU. They are linked to poor outcomes and present a challenge to the physician, both in anticipating events, and providing adequate treatment. The aetiology is not as uniform as the reaction of the organism to an insult. Indeed, this reaction seems to be a stereotype in the responsiveness to aggression. A high number of acute phase molecules could be described, but they are not disease specific or organ specific [71] . They are linked to pathways, common in many disease processes, like nonspecific inflammatory response and apoptotic phenomena.
A number of characterization and prognostic scoring systems had been described. The well known APACHE, SAPS, SOFA and MODS [72] [73] [74] [75] are based on simple organ failure measurements and are widely used. The notion of organ failure is therefore critical in the Intensive Care. But the known describing systems are not quite accurate. An effort on the part of the investigators towards the description of (a) biomarker(s) for the situations is quite documented. The monitoring devices can characterize serial variables concerning heart pressures, cardiac output and oxygen transport and consumption. But the concepts that relied on a mechanistic understanding of human functioning in critical illness are probably outdated, although still playing a significant role in common educational programs in the field.
The growing number of inflammatory markers described did not answer the main question for organ specific or even disease specific markers. Available data make them unreliable to replace old haemodynamic parameters as guides for major therapeutic actions, such as fluid or vasopressor prescription. And they could help in defining the adequacy of circulating volume or ongoing therapeutic actions, regardless of blood pressure, central venous or cardiac output values.
BIOMARKERS OF CARDIAC LESION IN INTEN-SIVE CARE
Biomarkers of myocardial lesion were found to be useful in Intensive Care. The most extensively studied biomarker is troponin I, which has a consolidated place in the diagnostic of myocardial necrosis. Babuin et al [76] studied 1637 critically ill patients, with a mortality of 12.5%. They divided all patients into those with serum troponin I < 0.01 and those with troponin I > 0.01. The authors described a significantly higher mortality in patients with troponin I > 0.01, during ICU stay, at 30 days and even at 3 years. The same observations were described by Stein et al. [77] , who verified that even small increases in troponin I (between 0.1 and 1.49) were related to higher mortality in the ICU (5% vs. 28%). These authors did not find a difference in ICU stay or mortality at 6 months. In another setting, Vasile et al [78] studied 1076 patients with upper gastrointestinal haemorrhage and verified that higher troponin I levels were related to higher mortality. The difference in mortality maintained at 30 days and 3 years. Legend: E/Am, mitral E/A; DTpv, pulmonary vein deceleration time; durFP, length of pulmonary vein flux; TRIV, left ventricular isovolumetric relaxation time; FPV, mitral flow propagation velocity; velpEm, mitral E wave pick velocity; tdEm, mitral E wave deceleration time; TAc, pulmonary artery acceleration time; TEj, pulmonary artery ejection time; dur a, right superior pulmonary vein systolic wave time; A, mitral A wave time. Cardiac diseases include patients with coronary artery disease, dilated cardiomyopathy and valvular diseases.
In patients with sepsis there is considerable evidence that troponin I levels are related to poorer outcome in the ICU. In Table 5 a sum of 8 studies conducted in these patients is presented [79] [80] [81] [82] [83] [84] [85] [86] . There is evidence suggesting a relationship between troponin I levels and mortality in critical patients. It`s relevant that this association can identify patients with cardiac dysfunction due to sepsis. One study revealed a lack of correlation between troponin I levels and cardiac output. Although only 10 patients were enrolled, we found this study interesting due to the following questions regarding sepsisrelated cardiomyopathy: the usual haemodynamic pattern of sepsis patients with cardiac dysfunction is not altered (normal or high cardiac output and low peripheral vascular resistance); so only a few methods can identify these patients (the serum troponin I levels and probably echocardiography). It means that if none of these examinations is performed, the situation may go undetected.
Other markers of cardiac disease were also tested. One of them is N-terminal pro BNP levels. Rudiger et al [87] compared 2 groups: patients with septic shock and other patients with heart failure without sepsis. The NT-BNP levels increased in both groups, although they presented quite distinctive haemodynamic profiles. Charpentier et al. studied a small cohort of sepsis patients (n=9), and verified that in deceased patients there existed a trend for higher pro-BNP levels. In Table 6 studies that relate sepsis and pro-BNP levels are presented [88] [89] [90] [91] [92] [93] .
The relation between pro-BNP levels and outcomes in the critically ill were not strong enough, a clear relation with mortality could not be found. However, Sturgess et al [70] observed that tissue-Doppler E/e´ had prognostic value in sepsis patients. They also demonstrated that this parameter was also related to pro-BNP levels. The relative importance of diastolic dysfunction incritical illness is thus suspected, but not proved. The aetiology of this kind of disturb is not fully understood, nor is the role of specific therapy aimed to counteract with it.
It should be stressed that myocardial injury in sepsis is not related with myocardial necrosis or coronary disease. In fact, only a modest increase in troponin I, barely seen in myocardial infarction, is enough to distinguish patients at higher risk.
The presented data can reach high significance for risk stratification and possible management of critically ill patients. They also demonstrate that some biochemical markers of organ damage may be useful in the overall assessment of critical care patients. As evidence, information provided by these markers, in particular troponin I, is not related to the usual haemodynamic information obtained with several monitoring tools, such as, cardiac output or peripheral vascular resistance. The information provided by these markers can actually reflect the end organ damage, mediated by the cascade of inflammatory events, typical of sepsis and other pathological conditions of the critically ill. Although its use can be considered, these markers did not become part of a routine evaluation of the critically ill. Legend. PCwP-pulmonary capillary wedge pressure; LA, left atrium; IVRT, left ventricular isovolumetric relaxation time; DTEm-mitral E wave deceleration time; CHF, congestive heart failure
THE MULTIORGAN FAILURE AND BIOMARKERS
In the case of cardiac lesion in the critical care setting, troponin I can be a good marker of end organ damage and is now extensively studied. But the critically ill often present multiple organ failure, involving the lungs, liver, central nervous system, bowel, kidneys, and so on. The usual and recognised markers of organ damage (serum lactate, mixed venous saturation, and central haemodynamic parameters, e.g., cardiac output and peripheral vascular resistance) are not organ specific and appear late in the course of the disease. In the case of kidney injury, new markers of early damage may be useful and will be advantageous over the usual markers (serum creatinine, BUN or urine output) [94, 95] , but for other organs there are no established lesion markers. Citrulline may be a useful marker of enteric function, a critical organ in the Intensive Care [96, 97] , but exclusively used as a diagnostic biomarker. The plasma levels of citrulline are related to the global enteric mass. In the critically ill, Piton et al. [98] performed a study in 67 patients without bowel disease and without renal disease, observing that low levels of citrulline at 24 hours were related to high plasma C-reactive protein, nosocomial infection, and 28-day mortality. There is no other comparable marker of bowel failure in use. The best possible approach to it is stasis and the impossibility to feed using feeding devices.
The distinction between systemic inflammation response syndrome (SIRS) and infection related inflammation (sepsis) is one of the most striking features in Intensive Care. The haemodynamic profile is similar in both situations, mainly characterized by a decrease in systemic vascular resistance and increased cardiac output. Complex measurements can be performed, like the description of the matrix metalloproteases and their inhibitors [99] . Leptin was also described to distinguish SIRS from sepsis, matching the levels of tumour necrosis factor-alpha [100] . Currently, one can perhaps consider C-reactive protein (CRP) and procalcitonin (PCT) the most popular biomarkers of infection. Generally, PCT is considered superior to CRP for distinguishing SIRS form sepsis [101] [102] [103] . In the recent published PRORATA study [104] , conducted in 630 patients, 319 in control group and 311 in procalcitonin group demonstrated that patients in the PCT group had more antibiotic-free days, thus guiding treatment. However, despite the growing data supporting the use of this biomarker, both as diagnostic parameters, and as guiding therapy parameters, some investigators could not find a clear superiority over the basic clinical parameters [105] . Regarding a sensitive matter like fluid therapy, it is now generally accepted that excess fluid can be harmful and contribute to end-organ failure [106] [107] [108] [109] . The methods in use to guide fluid therapy lack sensitivity, and the new dynamic concepts could not be applied to a large number of patients. To date, no investigation was performed in order to test the usefulness of a biomarker in guiding fluid therapy.
This ability of biomarkers to guide therapy is perhaps one of the most interesting features. The description of biomarkers as diagnosetic and therapeutic tools was gained a definite place in our understanding of critical illness. An important study by Wenkui et al. [110] considered the issue of the well recognized beneficial effect of fluid restriction. In 299 Association between troponin I levels and mortality (n)
207
Association between troponin I levels and myocardial dysfunction (n)
(4 studies)
Lack of relation between troponin I levels and cardiac output (n) 10 (1 study) patients undergoing gastrointestinal surgery they adjusted the fluid therapy by serum lactate levels as a marker of global organ perfusion. They observed that patients with a restrictive fluid regimen adjusted by serum lactate presented a lower rate of complications, but the patients who needed more fluids presented the highest rate of postoperative complications. A diagnostic test that allows the identification of patients at risk, that helps target therapy, along with the monitoring of the response, is a desirable tool for our future. This global approach is known as theagnostics [111] [112] [113] [114] , and probably represents the next stage of haemodynamic support. Genomics, proteomics, and other recent disciplines are the major contributors. In the future they probably will shape our concepts on disease process, from diagnosis to therapeutics and monitoring. The authors present theragnostics as a form of detecting patients at risk, especially through genomic analysis. Perhaps the use of these novel biomarkers is more than that. They could help the physician to more accurately characterize the disease process at bedside, much beyond the central haemodynamic parameters (central venous pressure, pulmonary capillary wedge pressure, cardiac output, oxygen delivery, mixed venous saturation, left ventricular performance), and also characterize the specific organ damage, using organ-specific biomarkers. Note that the assessment of organ damage is performed mainly using serum lactate measurements and its kinetics, urine output and consciousness level. A regular measurement could provide the desirable monitoring ability. In Table 7 the information provided by each approach is summarized. Note that to date there is no single method capable of giving all needed information. Even with the advent of new parameters based on molecular medicine come "old" tests (like echocardiography) should prevail.
Nonetheless, the recent lessons from the PAC must not be forgotten: close patient evaluation is always critical over new technology. Moreover, the technological approaches must demonstrate their superiority over the old ones. These processes are followed in the pharmaceutical industry and if PAC was a medication, perhaps it would have never entered the market. The number of physiological variables monitored is related to the number of medical interventions performed [115] ; and the number of medical interventions may be linked to iatrogenic burden.
Another sensitive question pertains to the feasibility with regards to the set of biomarkers to use. This practical question should not be overlooked. All tests must be worthy in different domains: scientific, economical and technical. There are no available studies on this matter, as the molecules described were used in an investigational context, not in a massive fashion.
The way we can use these markers is not yet established. How can they influence patient management or outcome? Can we use them as guiding parameters both for diagnostic and therapeutic measures? Theoretically they may be able to individualize the therapeutic actions, apart from the normalization of rude haemodynamic parameters, representing a rather mechanistical approach to the patients. Much work remains to be done in order to go further in the haemodynamic concepts of patient management, towards a better care of the critically ill.
CONCLUSION
It's absolutely breathtaking to appreciate the scope of future progress in haemodynamic concepts that allow us to visualize a third level in a not too distant future. Scientific research, with the multiple possibilities that are offered today, will contribute substantially to these advances. Currently recommended strategy to assess the adequacy of circulating volume and the effective volume is still very poor. If, as we know, there are haemodynamic parameters that help us in its determination, the evaluation is limited to the recommended levels of serum lactate, urine output, and consciousness. New biomarkers related to organ perfusion and function can add important elements in the future, guiding both diagnosis and treatment. 
